Morphine-conditioned cue alters c-Fos protein expression in the brain of crayfish.
With a highly organized stereotypic behavior and a simplified neuronal system that is characterized by cellular modularity, crayfish (Orconectes rusticus) represents an excellent model that we used in this study to explore how a drug-conditioned-cue alters c-Fos protein expression in the brain of an invertebrate species. The first set of experiments revealed that a single injection of different doses of morphine (3.0 μg/g, 6.0 μg/g and 12.0 μg/g) into the circulatory system of crayfish significantly increased locomotor activity. Repeated injections of morphine increased locomotion at lower doses (3.0 μg/g and 6.0 μg/g), and decreased locomotion at a higher dose of 12.0 μg/g. The second experiment revealed that a repeated or single injection of morphine serves as reward when paired with a distinct visual environment. In the third experiment, we found that the c-Fos profile of morphine treated crayfish in an unconditioned environment did not show a significant increase from the basal level comparable to saline treated crayfish. The brains of crayfish were more active during exposure to the cue-elicited drug conditioned environment than the unconditioned environment. These results indicate that chronic morphine treatment alone is not sufficient to induce changes in the expression of c-Fos; instead, morphine-environment pairing in a specific context contributes to the expression of alterations in c-Fos regulation. The enhancement of c-Fos expression in the brain of crayfish seems to reflect the sensory or anticipatory facets of conditioning that suggests that potential and even unanticipated hypotheses in drug addiction can emerge from studies of addiction in crayfish.